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(57) A bearing unit for vehicle wheel support com- 
prising a shaft having a mounting flange for vehicle 
wheel or suspension apparatuses step portion formed 
on one end portion thereof, a first inner ring raceway 
directly formed thereon, and a crimped portion formed 
on the end side of the step portion, and an inner ring 



fitted onto the step portion and having a second inner 
ring raceway thereon, the shaft being quench hardened 
at least at the first inner ring raceway with the crimped 
portion kept as formed and without quench hardened, 
and the inner ring being fixed to the shaft by the crimped 
portion of the shaft. 
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Description 

Field of the Invention 

The present invention is related to a rolling bearing 
unit for vehicle wheel support, specifically for rotatably 
supporting a vehicle wheel of an automobile with refer- 
ence to a suspension apparatus. 

Background of the Invention 

The vehicle wheel of the automobile is supported 
by a rolling bearing unit for vehicle wheel support as 
shown in Fig. 1 7 where an example of the conventionally 
widely used rolling bearing units is illustrated. 

This rolling bearing unit 1 for vehicle wheel support 
comprises a hub 2, an inner ring 3, an outer ring 4 and 
a plurality of rolling elements 5. The hub 2 has an outer 
peripheral surface the axially outer end portion of which 
is formed with a first flange 6 to support the vehicle 
wheel. 

The term "axially outer" means the widthwise outer 
side when installed in the automobile; the left side in the 
Figures in this application except for Figs. 4 to 6, while 
the term "axially inner" means the widthwise central side 
when installed in the automobile; the right side in the 
Figures in this application except for Figs. 4 to 6. 

The intermediate portion of the outer peripheral sur- 
face of the hub 2 is formed with a first inner ring raceway 
7 while the axially inner end portion of the outer periph- 
eral surface is formed with a step portion 8 with a smaller 
diameter. 

The inner ring 3 is fitted onto the step portion 8 and 
formed with a second inner ring raceway 9 on its outer 
peripheral surface. 

The hub 2 has an axially inner end portion formed 
with a male thread portion 1 0 thereon, the tip end portion 
of which is projected axially inwards than the axially in- 
ner end face of the inner ring 3. 

A nut 11 is screwed on the male threaded portion 
10. The inner ring 3 is supported between the nut 11 and 
the step face 12 of the step portion 8, and thereby fixed 
at a determined position of the hub 2. 

The male threaded portion 1 0 is formed with an en- 
gagement recess portion 14 in the outer peripheral sur- 
face of its tip end portion. After the nut 11 is clamped 
with a predetermined torque, a portion of the nut 11 in 
alignment with the engagement recess portion 14 is 
crimped radially inwards to prevent the n ut 1 1 from being 
loosened. 

Formed on the inner peripheral surface of the outer 
ring 4 are a first outer ring raceway 1 5 which is opposed 
to the first inner ring raceway 7 and a second outer ring 
raceway 16 which is opposed to the second inner ring 
raceway 9. A plurality of rolling elements 5 are provided 
between the first outer ring raceway 1 5 and the first inner 
ring raceway 7 and between the second outer ring race- 
way 16 and the second inner ring raceway 9, respec- 



tively. 

Although balls are used for the rolling elements in 
the figure, tapered rollers may be used for the rolling 
elements in the case of the rolling bearing unit for the 
5 heavy automobiles. 

In order to install the rolling bearing unit 1 as men- 
tioned above into the automobile, a second flange 17 is 
formed on the outer peripheral surface of the outer ring 
4, and used to fix the outer ring 4 to a suspension ap- 
10 paratus, thereby fixing the vehicle wheel to the first 
flange 6. Thus, the vehicle wheel can be rotatably sup- 
ported by the suspension apparatus. 

Disclosed in the specification of U.S. Patent No. 
5,490,732 is a rolling bearing unit 1 for vehicle wheel 
1$ support, which is illustrated as a second conventional 
example in Fig. 18. 

This bearing unit 1 comprises a hub 1B having an 
peripheral surface on which a first flange 6 is provided 
and an inner ring 41 and a second inner ring 3 are fitted. 
The hub 1 8 has an axially inner end portion which is pro- 
jected axially inwards than the axially inner end face of 
the second inner ring 3 and bent radially outwards to 
form a crimped portion 1 9. This crimped portion 1 9 co- 
operates with the step face 1 2 provided on the base por- 
tion of the first flange 6 on the outer peripheral surface 
at the intermediate portion of the hub 18 to support the 
first inner ring 41 and second inner ring 3 therebetween. 
Specifically, the axially inner end portion of the hub 18 
which is projected axially inwards than the second inner 
ring 3 is formed with a cylindrical portion which is 
crimped radially outwards to form the crimped portion 
1 9, which retains the first inner ring 41 and second inner 
ring 3 onto the step face 12. 

In the case of the first conventional example illus- 
trated in Fig. 17, the processes for forming the engage- 
ment recess portion 1 4 on the tip end of the male thread 
portion 10 and crimping a portion of the nut 11 radially 
inwards are required. This leads to the cost up due to 
inconvenient parts production and assembling process- 
es of the bearing unit 1 for vehicle wheel support. 

In the case of the second conventional example in 
Fig. 18, the crimped portion 19 must be formed on the 
hub 18 to fix the first inner ring 41 and second inner ring 
3 to the hub 18. Accordingly, the hub 18 must be made 
of a material which can be formed with the crimped po- 
tion 19. Specifically, in the case of the second conven- 
tional example in Fig. 18, since the hub 18 itself is 
formed with no inner ring raceway, that is since the first 
and second inner ring raceways 7, 9 are formed on the 
outer peripheral surface of the first and second inner 
rings 41, 3 fitted onto the hub 18, the hub 18 can be 
made of a carbon steel containing less than 0.45 weight 
% carbon which is easily processed to form the crimped 
portion 19. However, as the crimped portion 19 is 
formed, a large load is applied to the second inner ring 
3 fitted onto the hub 1 8, resulting in that the second inner 
ring 3 is deformed and that the inner clearance (plus or 
minus) of the rolling bearing unit may be displaced from 
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the required value. When the inner clearance of the roll- 
ing bearing unit is displaced from the proper value, the 
rolling fatigue life of the second inner ring raceway 9 
formed on the outer peripheral surface of the second 
inner ring 3 may be reduced. 

Such inconvenience may be produced in the struc- 
ture where the structure of Fig. 17 and the structure of 
Fig. 18 are combined to provide the hub 2 with the first 
flange 6 and the first inner ring raceway 7 and where the 
inner ring 3 is securely affixed to the hub 2 by way of the 
crimped portion 19. 

In addition, in such a construction, when the hub 18 
is made of a carbon steel containing less than 0.45 
weight % carbon as in the conventional structure of Fig. 
18, it is impossible to make the hardness in the portion 
of the first inner ring raceway 7 sufficiently large, and to 
secure the sufficient durability of the portion of the first 
inner ring raceway 7. 

Summary of the Invention 

An objective of the present invention is to provide a 
rolling bearing unit for vehicle wheel support with suffi- 
cient durability and lower cost. 

Another objective of the present invention is to pro- 
vide a bearing unit for vehicle wheel support comprising 
a shaft having a mounting flange for vehicle wheel or 
suspension apparatus : a step portion formed on one 
end portion thereof, a first inner ring raceway directly 
formed thereon, and a crimped portion formed on the 
end side of the step portion, and an inner ring fitted onto 
the step portion and having a second inner ring raceway 
thereon, the shaft being quench hardened at least at the 
first inner ring raceway with the crimped portion kept as 
formed and without quench hardened, and the inner ring 
being fixed to the shaft by the crimped portion of the 
shaft. 

Brief description of the Drawings 

Fig. 1 is a cross sectional view of a half portion of 
the rolling bearing unit according to a first example in 
the embodiments of the present invention. 

Fig. 2 is a cross sectional enlarged view of a part of 
the structure of the first example of Fig. 1 where the ax- 
ially inner end portion of the hub is crimped to securely 
mount the inner ring upon production. 

Fig. 3 is a cross sectional enlarged view of a part of 
the structure of the first example of Fig. 1 where the ax- 
ially inner end portion of the hub is shown before being 
crimped. 

Fig. 4 is a cross sectional view taken along the line 
IV-IVof Fig 3. 

Fig. 5 is a vertical cross sectional view of a main 
portion of the oscillating press. 

Fig. 6 is a plan view of the retaining jig to be installed 
in the oscillating press. 

Fig. 7 is a cross sectional view of a half portion of 



the rolling bearing unit according to a second example 
in the embodiments of the present invention. 

Fig. 8 is a cross sectional view of a half portion of 
the rolling bearing unit according to a third example in 
s the embodiments of the present invention. 

Fig. 9 is a cross sectional view of a half portion of 
the rolling bearing unit according to a fourth example in 
the embodiments of the present invention. 

Fig. 10 is a cross sectional view of a half portion of 
io the rolling bearing unit according to a fifth example in 
the embodiments of the present invention. 

Fig. 11 is a cross sectional view of a half portion of 
the rolling bearing unit according to a sixth example in 
the embodiments of the present invention. 

Fig. 12 is a cross sectional view of a half portion of 
the rolling bearing unit according to a seventh example 
in the embodiments of the present invention. 

Fig. 13 is a cross sectional view of a half portion of 
the rolling bearing unit according to an eighth example 
in the embodiments of the present invention. 

Fig. 14 is a cross sectional view of a half portion of 
the rolling bearing unit according to a ninth example in 
the embodiments of the present invention. 

Fig. 15 is a cross sectional view of a half portion of 
the rolling bearing unit according to a tenth example in 
the embodiments of the present invention. 

Fig. 16 is a cross sectional view of a half portion of 
the rolling bearing unit according to an eleventh exam- 
ple in the embodiments of the present invention. 

Fig. 17 is a cross sectional view of a half portion of 
the rolling bearing unit according to a first example of 
the prior art structure. 

Fig. 18 is a cross sectional view of a second exam- 
ple of the rolling bearing unit according to the prior art 
structure. 

Detailed Description of the Preferred Embodiments 

In one feature of the embodiments of the present 
invention, the rolling bearing unit for vehicle wheel sup- 
port comprises a hub having an outer peripheral surface 
formed with a first flange at one axial end portion thereof 
and a first inner ring raceway at an intermediate portion 
thereof, a step portion having a step face and formed at 
the other end portion of the hub, the step portion having 
a diameter which is smaller than that of the portion 
where the first inner ring raceway is formed, an inner 
ring having an outer peripheral surface formed with a 
second inner ring raceway thereon and fitted onto the 
step portion, an outer ring having an inner peripheral 
surface formed with a first outer ring raceway opposed 
to the first inner ring raceway and a second outer ring 
raceway opposed to the second inner ring raceway and 
an outer peripheral surface formed with a second flange 
thereon, a plurality of rolling elements provided between 
the first outer ring raceway and the first inner ring race- 
way and between the second outer ring raceway and 
the second inner ring raceway, the hub having a cylin- 
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drical portion provided at the other axial end portion so 
as to be projected from the inner ring fitted onto the step 
portion and the cylindrical portion being crimped radially 
outwards to form a crimped portion, such that the inner 
ring fitted onto the step portion is retained onto the step 
face of the step portion by the crimped portion, whereby 
the inner ring fitted onto the step portion is securely fixed 
to the hub. 

The hub is made of a high carbon steel containing 
carbon in the amount of 0.45 weight % or more, and at 
least the portion of the first inner ring raceway is hard- 
ened through a quenching process such as induction 
hardening, carburizing and quenching, laser quenching. 
Accordingly, the rolling fatigue life (flaking life) is secure- 
ly obtained in spite of the load repeatedly applied 
through the rolling elements. 

Specifically, the surface portion of the first inner ring 
raceway must have a high hardness e.g. from Hv 550 
to Hv 900 in order to secure the rolling fatigue life, if the 
surface portion of the first inner ring raceway has a lower 
hardness, the rolling fatigue life of the first inner ring 
raceway would be short. When the hub is made of a car- 
bon steel containing carbon less than 0.45 %, the re- 
quired hardness could not be secured even if the first 
inner ring raceway portion is subjected to the quenching. 

In the one feature of the embodiments of the 
present invention, the hub is made of a carbon steel con- 
taining carbon of 0.45 weight % or more, and the first 
inner ring raceway portion is subjected to a quenching, 
so that the first inner ring raceway has a sufficiently high 
hardness to obtain the rolling fatigue life of the first inner 
ring raceway. Since the cylindrical portion of the hub is 
not subjected to the quenching and kept as it is forged, 
the process for crimping to connect the hub and the in- 
ner ring with each other is not inconvenient. 

The inner ring is made of a high carbon steel such 
as bearing steel and quench hardened to the core, and 
therefore even if a large load is applied to the inner ring 
during crimping, it is prevented that inner ring is de- 
formed and that the internal clearance (plus or minus) 
of the rolling bearing unit is displaced from the desired 
value. 

Specifically, a large load must be applied to the cy- 
lindrical portion radially outward to form the crimped por- 
tion by crimping out the cylindrical portion. As a result, 
a large surface pressure is applied to the inner periph- 
eral surface and end face of the inner ring. Accordingly, 
if the hardness of the inner ring is low, the inner ring 
would be deformed by the surface pressure and the in- 
ternal clearance would be displaced from the desired 
value. 

In the one feature of the embodiments of the 
present invention, however, the inner ring is made of a 
high carbon steel such as bearing steel and quench 
hardened to the core, and therefore the hardens of the 
inner ring is sufficiently high, so that regardless of the 
large surface pressure, the inner ring is prevented from 
being deformed and the inner clearance can be kept at 



the desired value. In addition, the diameter of the sec- 
ond inner ring raceway is prevented from being 
changed, and the shape precision (roundness, cross 
section shape) is prevented from being worsened Thus, 
s the rolling fatigue life is sufficiently kept. 

In another feature of the embodiments of the 
present invention, the rolling bearing unit for vehicle 
wheel support comprises a hub having an outer periph- 
eral surface formed with a first flange at one axial end 
io portion thereof and a step portion having a step face and 
formed between the other axial end thereof and an in- 
termediate portion thereof, a first inner ring having an 
outer peripheral surface formed with a first inner ring 
raceway thereon and fitted onto the step portion on one 
*s end portion thereof, a second inner ring having an outer 
peripheral surface formed with a second inner ring race- 
way thereon and fitted onto the step portion on the other 
end portion thereof, an outer ring having an inner pe- 
ripheral surface formed with a first outer ring raceway 
opposed to the first inner ring raceway and a second 
outer ring raceway opposed to the second inner ring 
raceway and an outer peripheral surface formed with a 
second flange, a plurality of rolling elements provided 
between the first outer ring raceway and the first inner 
ring raceway and between the second outer ring race- 
way and the second inner ring raceway, the hub having 
a cylindrical portion provided at the other axial end por- 
tion thereof so as to be projected from the second inner 
ring fitted onto the other end portion of the step portion, 
the cylindrical portion being crimped radially outwards 
to form a crimped portion, such that the first and second 
inner rings fitted onto the step portion are retained onto 
the step face of the step portion by the crimped portion, 
whereby the first and second inner rings fitted onto the 
step portion are securely fixed to the hub. 

In this rolling bearing unit, since the hub itself is not 
formed with the inner ring raceway, the hub can be made 
of a carbon steel containing carbon less than 0.45 
weight % for easy formation of the crimped portion. 
However, at least a portion of the step portion of the hub 
including the step face is hardened by quenching. Ac- 
cordingly, the step face of the step portion for clamping 
together with the crimped portion the first and second 
inner rings fitted onto the step portion, and the one end 
portion of the step portion subject to stress concentra- 
tion during use of the rolling bearing unit can securely 
have enough strength and durability. 

As to the cylindrical portion and first and second in- 
ner rings, the description for the first feature should be 
taken into consideration. 

Now, some examples of the present invention are 
explained referring to the attached drawings. 

Figs. 1 to 4 show a first example of the embodi- 
ments of the present invention. 

The rolling bearing unit 1 comprises a hub 2 which 
is a first inner ring member, an inner ring 3, an outer ring 
4, and a plurality of rolling elements 5. The hub 2 has 
an outer peripheral surface which is formed with a first 
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flange 6 closer to the axially outer end thereof to support 
a vehicle wheel, with a first inner ring raceway 7 at an 
intermediate portion thereof, and with a step portion 8 
with a smaller outer diameter at the axially inner end 
thereof, respectively. The hub 2 is made of a carbon s 
steel material containing carbon in an amount of from 
0.45 weight % to 1.10 weight % and integrally formed 
through forging. 

One portion of the outer peripheral surface of the 
hub 2, illustrated with cross hatching in Fig. 1 . including io 
the first inner ring raceway 7, the base portion of the first 
flange 6, and the base half portion of the step portion 8 
has been subjected to q uench hardening such as induc- 
4 ion hardening , carburizing-quenching, laser quench- 
ing, to make the hardness of this portion higher to the 75 
order of Irom Hv 550 to Hv 900 Incidentally, with 
quenching processes above, the induction hardening is 
desirable due to its lower process cost. On the other 
hand, the cost of the carburizing-quenching is high be- 
cause plating treatment for preventing carburizing is re- 20 
quired to the portion which must not be hardened. The 
equipment cost of the laser quenching is high. 

With the portion illustrated with cross hatching in 
Fig. 1, subjected to quenching, the portion of the first 
inner ring raceway 7 is exposed to a large face pressure 25 
based on the contact with the rolling surface of the rolling 
elements 5, and therefore hardened to secure the rolling 
fatigue life. 

The base portion of the first flange 6 is hardened to 
prevent the base portion from being deformed regard- so 
less of the moment load exerted from the first flange 6 
with the vehicle wheel fixed thereto. 

With the base half portion of the step portion 8, an 
outer peripheral surface portion of the step portion 8 is 
hardened to prevent the outer peripheral surface from 35 
being deformed, and to prevent fretting wear from being 
produced on the outer peripheral surface of the step por- 
tion 8 fitted with the inner ring 3, regardless of the radial 
load exerted from the rolling elements 5 to the inner ring 
3 and the fitting pressure of the inner ring 3. 40 

The portion of the step face 12 of the step portion 
B is hardened to prevent the step face 12 from being 
deformed, and to prevent fretting wear from being pro- 
duced on the step face 1 2 of the step portion 8 in contact 
with the axially outer end face of the inner ring 3, regard- 45 
less of the axial load applied to the inner ring 3 because 
of the crimping described later. 

The portion of the corner R for connecting the outer 
peripheral surface of the step portion 8 to the step face 
1 2 is hardened to prevent it from being deformed due to so 
stress concentration. Incidentally, it is desirable that the 
radius of curvature in cross section of the portion of the 
corner R is controlled in the range of 2.5 mm ± 1 .5 mm. 

If the radius of curvature of this portion is less than 
1 mm, flaws such as crack due to stress concentration ss 
would be produced. On the contrary, if the radius of cur- 
vature of this portion is larger than 4 mm, this portion is 
inclined to interfere with the inner peripheral edge por- 



tion of the inner ring 3, so that it is hard to achieve the 
smooth operation of the rolling bearing unit. 

The axial position of the axially inner end of the 
quench hardened layer as shown with cross hatching 
(the point X in Fig. 1 ) is located axially inward (right side 
in Fig. 1 ) than the axial position (the point Y in Fig. 1 ) of 
the center of the rolling elements 5 disposed around the 
inner ring 3 and axially outward (left side in Fig. 1) than 
the axial position (the point Z in Fig. 1 ) of the base end 
of the crimped portion 19 described later. At the base 
end of the crimped portion 1 9, the outer diameter of the 
crimped portion 19 starts to be larger than the outer di- 
ameter of the step portion 8. 

The reason of thus limiting the position of the axially 
inner end of the quench hardened layer is as follows; 

Enlarging the surface area of the quench hardened 
layer in the outer peripheral surface portion of the step 
portion j as much as possible, making the prccesslng* 
of thecr imped portion 19 easier, and preventing flaws 
such as crack from being produced in the crimped por- 
tion 1 9 due to the existence of the quench hardened lay- 
er. 

Incidentally, the quench hardened layer can be dis- 
continuous^ formed in the required portions, but as 
shown in Fig. 1 , the adjacent quench hardened layers 
can be continued to improve the strength and endur- 
ance of the hub 2. 

Formed on the axially inner end portion of the hub 
2 is a cylindrical portion 20 where the crimped portion 

1 9 is provided to affix the inner ring 3 thereto. In the ex- 
ample illustrated, the thickness of the cylindrical portion 

20 becomes smaller as it is closer to the tip end in the 
state before crimping out the cylindrical portion 20 radi- 
ally outwards. Therefore, in this example, a tapered hole 

21 is formed in the axially inner end portion of the hub 
2 such that its inner diameter becomes smaller as it is 
closer to the recessed portion 21 a. 

The inner ring 3 is made of a high carbon steel such 
as high carbon chromium bearing steel e.g. SUJ 2 and 
quench hardened to the core. 

The carbon amount in the carbon steel for the hub 

2 is controlled in the range of from 0.45 weight % to 1 .10 
weight % as mentioned above. At least the cylindrical 
portion 20 formed in the other axial end portion of the 
hub 2 has a hardness in the range of Hv 200 to Hv 300 
before being crimped as in Fig. 3. 

By meeting such conditions, the hardness of from 
Hv550 to Hv900 required lor the portion of the first inner 
ring raceway 7 is secured, and the process of crimping 
out the cylindrical portion 20 is sufficiently carried out. 

If the hardness of the cylindrical portion 20 exceeds 
Hv 300 upon crimping out the cylindrical portion 20 to 
form the crimped portion 1 9, cracks would occur in the 
crimped portion 1 9, and due to insufficient crimping, the 
crimped portion 1 9 would not be tightly connected to the 
inner ring 3, so that the clamping force of the inner ring 

3 with respect to the hub 2 is small. In addition, the load 
required to form the crimped portion 1 9 would be exces- 
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sively large, so that during crimping, flaws such as in- 
dentations are inclined to be produced on the raceways 
and rolling elements 5, which may lead to poor size pre- 
cision in the parts. In addition, the hub 2 would be difficult 
to machine. Specifically, the machining time would be 
longer and the tool life would be shortened, and the cost 
may be increased. 

If the carbon amount in the carbon steel for the hub 
2 exceeds 1.10 weight %, it would be difficult to control 
the hardness of the cylindrical potion 20 up to Hv 300. 
Therefore, the upper limit of carbon amount in the car- 
bon steel for the hub 2 is 1.10 weight %. 

On the contrary, //the hardness of the cylindrical 
portion 20 does not reach Hv 200, the hardness in the 
crimped portion 19 formed by crimping the cylindrical 
portion 20 could not be secured, so that the force ol the 
crimped portion 19 for clamping the inner ring 3 would 
be insufficient. 

If the carbon amount in the carbon steel for the hub 
2 does not reach 0.45 weight %, it could not secure the 
hardness from Hv 550 to Hv 900 required to the portion 
of the first inner ring raceway 7, so that the life of the 
portion of the first inner ring raceway 7 would be re- 
duced. Accordingly, the lower limit of carbon amount in 
the carbon steel for the hub 2 is 0.45 weight %. 

The hub 2 is formed by forging the carbon steel con- 
taining carbon in the amount of from 0.45 weight % to 
1.10 weight % as mentioned above, where there is no 
need of annealing after forging in the case of the carbon 
amount of from 0.45 weight % to 0.60 weight %. Specif- 
ically, since the cooling rate after forging is simply con- 
trolled, so that the hardness of at least the cylindrical 
portion 20 can be limited in the range of Hv 200 to Hv 
300. Consequently, after the hub 2 is formed by forging, 
the process for providing the cylindrical portion 20 with 
the crimped portion 1 9 can be carried out without an- 
nealing, and so the rolling bearing unit for vehicle wheel 
support with the crimped portion 1 9 provided therein can 
be produced at a lower cost. 

On the other hand : when the carbon steel for the 
hub 2 contains carbon in the amount range of from 0.60 
weight % to 1 .10 weight %, there is the need of anneal- 
ing after forming the hub 2 by forging. Specifically, even 
when the carbon steel for the hub 2 contains carbon in 
the amount range of from 0.60 weight % to 1 . 1 0 weight 
%, it is possible that the hardness of the cylindrical por- 
tion 20 is provided in the degree of Hv 200 to Hv 300 by 
controlling the cooling rate after forging. However, the 
cooling rate must be substantially small, that is slow 
cooling, a long process time is required, and the appa- 
ratus only for it is required. It will be noted that annealing 
is more desirable than controlling the cooling rate from 
the point of high production efficiency and simple pro- 
duction equipment. 

In addition, once the annealing is carried out, 
quenching the portions of the hub 2 to be quenched is 
well carried out. Therefore, by annealing the hub 2 pro- 
duced by forging, the hardness of at least the cylindrical 
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portion 20 is provided in the degree of Hv 200 to Hv 300. 

Incidentally, when the carbon steel for the hub 2 
contains carbon in the amount range of from 0.60 weight 
% to 1.10 weight %, if the cooling rate after forging is 
5 not small, unless annealing is carried out, similar prob- 
lems would occur as in the case where the carbon con- 
tent in the carbon steel exceeds 1.10 weight %. It should 
be noted that in the case where the carbon content in 
the carbon steel exceeds 1.10 weight %, even if the 
10 cooling rate alter forging is made small, or even if the 
annealing is carried out, it would be difficult to limit the 
hardness of the cylindrical portion 20 up to Hv 300. 

In order to crimping out the tip end portion of the 
cylindrical portion 20 to affix the inner ring 3 to the axially 
15 inner end portion of the hub 2, in the state where the 
hub 2 is fixed so as not to be axially displaced, as shown 
in Fig. 2, a die 22 is strongly pressed to the tip end por- 
tion of the cylindrical portion 20. 

The die 22 has a tip end face (left end face in Fig. 
2) the center of which is formed with a land portion 23 
of frustum shape which can be forced into the cylindrical 
portion 20. Generally formed around the land portion 23 
is a recess portion 24 which has an arcuate shape in 
cross section. The cross section shape and the outer 
diameter and the depth D 24 of the recess portion 24 
are limited, such that upon plastic deformation of the cy- 
lindrical portion 20 to form the crimped portion 19, the 
crimped portion 1 9 has a predetermined shape and size 
under a compression force applied to the carbon steel 
for the cylindrical portion 20. 

Specifically, the cross section of the recess portion 
24 is formed in a complex curve shape, such that the 
crimped portion 1 9 obtained by plastically deforming the 
tip end portion of the cylindrical portion 20 with the re- 
cess portion 24 of the die 22 has a cross section shape 
such that the thickness becomes smaller in size from 
the base end portion to the tip end potion, and that at 
the tip end portion, the thickness changes largely to a 
small size, and that the radius of curvature becomes 
smaller as it is closer to the outer diameter side. 

The outer diameter R 24 is the same to the outer di- 
ameter R 19 of the crimped portion 1 9 or slightly smaller 
than the outer diameter R 19 of the crimped portion 19. 
That is, R 24 ^ R 19 . 

The depth D 2 4 is limited, such that in the state where 
the tip end portion of the cylindrical portion 20 is clamped 
between the die 22 and the inner peripheral surface at 
the axially inner end portion and the inner end face of 
the inner ring 3 to form the crimped portion 19, a clear- 
ance 25 is remained between the tip end portion of the 
die 22 and the axially inner end face of the inner ring 3. 

When the die 22 having the land portion 23 and re- 
cess portion 24 with the above shape and size is pushed 
to the tip end portion of the cylindrical portion 20, the tip 
end portion of the cylindrical portion 20 is crimped in a 
diametrically outward direction to form the crimped por- 
tion 1 9. 

The inner ring 3 is supported between the crimped 
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portion 19 and the step face 12 of the step portion 8 
formed at the axially inner end portion of the hub 2 to 
affix the inner ring 3 to the hub 2. 

In the case of the example illustrated, at the final 
step where the crimped portion 19 is formed by plasti- s 
cally deforming the axially inner end face of the cylindri- 
cal portion 20, the outer diameter face of the crimped 
portionn 19 is placed under a compressed stress con- 
dition in a circumferential direction. Accordingly, the flaw 
such as crack is effectively prevented from occurring to 
along the outer peripheral edge portion of the crimped 
portion 19. 

A curved surface portion 26 with an arcuate cross 
section is formed on the peripheral edge portion at the 
axially inner open portion of the inner ring 3 to which the is 
outer peripheral surface at the base end portion of the 
crimped portion 19 is abutted. Accordingly, the radius of 
curvature of the base end portion of the crimped portion 
19 could not be small, and therefore any unjust stress 
is hardly applied to the base end portion. ^ 

In the case of the rolling bearing unit for vehicle 
wheel support, the carbon amount in Xhe carbon steel 
for the hub 2 is controlled in the range of from 0.45 
weight % to 1.10 weight %, and the portion of the first 
inner ring raceway 7 is hardened by way of quenching, 25 
and therefore the rolling fatigue life in the surface of the 
portion of the first inner ring raceway 7 is sufficiently se- 
cured regardless of loads repeatedly exerted from the 
rolling elements 5. 

On the other hand, the cylindrical portion 20 is kept 30 
as it is formed or forged without being subjected to 
quenching. Accordingly, the force for plastic deforma- 
tion in the cylindrical portion 20 is not unjustly large, and 
flaws such as crack are not inclined to occur in the cy- 
lindrical portion 20 when the plastic deformation is car- 35 
ried out in the cylindrical portion 20. Accordingly, even 
when the hardness of the portion ol the first inner ring 
raceway 7 is made high to secure the rolling fatigue life 
in the surface of the portion of the first inner ring raceway 
7, the process for the crimped portion 1 9 to connect the 40 
hub 2 to the inner ring 3 is not troublesome. 

J n addition, the inner ring 3 is made of a high carbori 
ste el such as bear ing_steel, E andJhe^quench-har.den ing 
is conducted in the inner r jng^^^ J^i^co re , even if a 
large load is applied to the inner ring 3 as the crimped 45 
portion 1 9 is formed, the deformation of the inner ring 3 
is prevented, and the internal clearance of the rolling 
bearing unit is prevented from being displaced from the 
desired value. 

In addition, the diameter of the second inner ring so 
raceway 9 formed on the outer peripheral surface of the 
inner ring 3 is prevented from being changed, and the 
precision is prevented from being worsened, so that the 
rolling fatigue life of the second inner ring raceway 9 is 
prevented from being reduced. 55 

In the case of the example illustrated, the thickness 
of the cylindrical portion 20 where the crimped portion 
19 is formed becomes smaller as it is closer to the tip 
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end edge, and therefore even if the hub 2 is made of a 
carbon steel in the carbon content range of 0.45 weight 
% to 1.10 weight %, the force is not unjustly large in 
forming the crimped portion 19 in the tip end portion of 
the cylindrical portion 20 by way of plastic deformation 
with the die 22 as mentioned above. Accordingly, the 
force is securely prevented from exerting in a degree to 
cause any flaws such as crack in the crimped portion 1 9 
during crimping, or to apply so a large force to the inner 
ring 3 fixed by crimped portion 19 to substantially 
change the diameter of the inner ring 3 to affect the 
preload and durability such as rolling fatigue life. 

In the case of the example illustrated, a compres- 
sion stress is applied tothe tip end portion of the crimped 
portion 1 9, and the radius of curvature on the base end 
portion of the crimped portion 1 9 is large, and so any 
damage on the crimped portion 1 9 is effectively prevent- 
ed. 

Incidentally, the opening at the axially outer end of 
the space 27 where the rolling elements 5 are placed is 
closed by a seal ring 28 while the opening at the axially 
inner end is closed by a cover 29 to prevent foreign mat- 
ter from penetrating into the space 27 and lubricant oil 
etc. from leaking out of the space. 

The following is a description on the typical values 
in size of parts in the construction as illustrated in Figs. 
1 to 4, in the case of the rolling bearing unit for vehicle 
wheel support installed in generally used automobiles, 
specifically the inner diameter r 3 of the inner ring 3 af- 
fixed to the hub 2 is from about 20 mm to about 60 mm, 
the length L 3 of the inner ring 3 is about 1 5 mm to about 
40 mm, the hub 2 is made of a carbon steel containing 
carbon in the range of from 0.45 weight % to 1 . 1 0 weight 
% : and the inner ring 3 is made of a high carbon chro- 
mium bearing steel such as SUJ 2. 

First, the thickness of the tip end portion of the 
cylindrical portion 20 before the crimped portion 19 is 
formed is desirably in the range of from 1 .5 mm to 5 mm. 

The thickness T 20 of the base end portion of the cy- 
lindrical portion 20 is desirably in the range of from 5 
mm to 10 mm. 

By limiting the thickness t 20 of the tip end portion 
and the thickness T 2 o of the base end portion of the cy- 
lindrical portion 20 in the ranges, flaws such as crack 
are prevented from occurring in the crimped portion 1 9, 
while securing the support rigidity for the inner ring 3 
with the crimped portion 1 9. 

In other words, the tip end portion of the cylindrical 
portion 20 where the deformation degree is large is 
made thin for easy plastic deformation, so that flaws 
such as crack are effectively prevented from occurring 
Further, the base end portion of the cylindrical portion 
20 to be utilized to retain the inner ring 3 against the step 
face 12 is made to be thick, so as to sufficiently secure 
the support strength for the inner ring 3. 

The length l_2 0 of the cylindrical portion 20 is desir- 
ably 8 mm to 20 mm. If the length L20 of the cylindrical 
portion 20 is less than 8 mm (L 2 o < 8mm), the crimped 
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portion 1 9 is not well formed : or flaws such as crack are 
inclined to be produced in part of the crimped portion 1 9 
upon crimping. On the other hand, if the length L 20 of 
the cylindrical portion 20 is larger than 20 mm (L2 0 > 
20mm), the length of the hollow portion existing in the 
axially inner end portion of the hub 2 is too long, so that 
the strength of the hub 2 is lowered, and the axially inner 
end portion of the hub 2 can be easily deformed due to 
the radial load applied to the inner ring 3. 

Incidentally, the process where the crimped portion 
1 9 is formed through plastic deformation of the cylindri- 
cal portion 20 with the sizes limited as mentioned above 
is desirably carried out by forging or oscillation pressing. 

The line of action of the load applied to the inner 
ring 3 from the rolling elements 5 coincides with the dot- 
ted line a in Fig. 2 indicating the contact angle of the 
rolling elements 5 and is limited to pass through the fit- 
ting face between the inner peripheral surface of the in- 
ner ring 3 and the step portion 8 and not through the 
crimped portion 1 9. This limitation is because the load 
is made not to work as the force to directly deform the 
crimped portion 1 9 radially inwards, thereby preventing 
the crimped portion 1 9 from being deformed or from be- 
ing damaged. 

With reference to the relation between the cross 
sectional area S 3> the portion along the line IV-IV in Fig. 
3, of the inner ring 3 at a location closer to the axially 
outer side than the second inner raceway 9 and the 
cross sectional area S 2 of the hub 2 at the same location, 
S 3 is smaller than S 2 , that is (S 3 < S 2 ), and desirably S 3 
±i0.94S 2 . 

This limitation is provided on the cross section of 
the parts in order to secure the support strength for the 
inner ring 3 with respect to the hub 2. 

In the state where the inner ring 3 is held between 
the crimp portion 1 9 and the step face 1 2, the inner ring 
3 is axially pushed by a force (axial force) to prevent the 
rotation of the inner ring 3, and this axial force is deter- 
mined by the difference of strain along the axial direction 
of the hub 2 and the inner ring 3. Specifically, during 
crimping, the amount of elastic deformation of the inner 
ring 3 is larger than that of the hub 2. After crimping, the 
hub 2 and the inner ring 3 elastically restore to apply the 
axial force to the inner ring 3. The material for the inner 
ring 3 and the material for the hub 2 have substantially 
the same modulus of elasticity, the amount of elastic de- 
formation during crimping the inner ring 3 is larger than 
that of the hub 2 under the condition of S 3 < S 2 . 

Accordingly, with the limitation of the cross sectional 
area of the parts, a sufficient compression load is ap- 
plied to the inner ring 3 to efficiently prevent the creep 
that is, rotation of the inner ring 3 with reference to the 
hub 2 from occurring. 

Next, in the case where the rolling elements 5 
around the inner ring 3 are balls, the distance Lo 3 be- 
tween the center O of the rolling elements 5 and the ax- 
ially inner end face of the inner ring 3 is desirably equal 
to or larger than 0.75 times the diameter D 5 of the rolling 



elements 5 (L 03 > 0.75 D 5 ). The relatively larger dis- 
tance L 03 must be secured because it is prevented that 
the diameter of the portion of the second inner ring race- 
way 9 in contact with the rolling surface of the rolling 
s elements 5 becomes larger during forming the crimped 
portion 1 9 and that the precision (roundness, cross sec- 
tion shape) is worsened during forming the crimped por- 
tion 1 9. Specifically, if this distance l_o 3 is too short, the 
base end portion of the crimped portion 19 exists in the 
portion on the inner diameter side of the second inner 
ring raceway 9, and therefore during forming the 
crimped portion 19, the diameter of the portion of the 
second inner ring raceway 9 would become so larger as 
not to be neglected, and the precision would be wors- 
ened 

The outer diameter R 19 of the crimped portion 1 9 is 
desirably limited with respect to the inner diameter r 3 of 
the inner ring 3 and the outer diameter R 3 of the axially 
outer end portion of the inner ring 3 away from the sec- 
ond inner raceway 9 as follows; 

r 3 + 0.7 (R 3 - r 3 ) ^ R 19 ^ r 3 + 1.3 (R 3 - r 3 ) 

By limiting the outer diameter R 19 of the crimped portion 
1 9 in this range, flaws such as crack are prevented from 
occurring in the crimped portion 19, and the support 
strength for the inner ring 3 with respect to the hub 2 is 
positively secured. 

If the outer diameter R 19 of the crimped portion 19 
is out of the range to be larger, flaws such as crack would 
be inclined to occur in the crimped portion 19, while if 
the outer diameter R 19 of the crimped portion 19 is out 
of the range to be smaller, the support strength for the 
inner ring 3 with respect to the hub 2 is hardly secured. 

In addition, the shape in cross section ol the curved 
surface portion 26 is desirably limited as follows; 

First, an inclined surface portion is provided closer 
to the start point of the curved surface portion 26, and 
the angle 9 26 °f tne inclined surface portion with respect 
to the central axis of the inner ring 3 is in the range of 
from 10 degrees to 45 degrees, and the radius of cur- 
vature r 26 of the portion to connect the inner peripheral 
surface of the inner ring 3 continuously to the inclined 
surface portion is in the range of from 2 mm to 8 mm. In 
addition, the radius of curvature R 26 of the portion to 
connect the inclined surface portion continuously to the 
end face of the inner ring 3 is in the range of from 3 mm 
to 10 mm. 

By limiting the shape in cross section of the curved 
surface portion 26 as mentioned above, excessive 
stress would not occur in the base end portion of the 
crimped portion 19 during forming the crimped portion 
19 by plastic deformation of the cylindrical portion 20, 
and the base end portion is prevented from being dam- 
aged. 

It is desirable that the operation to form the crimped 
portion 19 by plastic deforming, that is by crimping out 
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the cylindrical portion 20, is conducted using the oscil- 
lation press apparatus 43. 

The oscillation press apparatus 43 comprises a die 
22, a retaining jig 44 and a holder 45. The holder 45 is 
made of a metal material with a sufficiently large rigidity s 
and formed in a bottomed cylindrical shape. The upper 
surface of the bottom 46 of the holder 45 is formed to 
be abutted by the external portion of the hub 2 with no 
play therebetween. The retaining jig 44 comprises jig el- 
ements 47 each having a semi circular arc shape com- 
bined to form a generally circular shape, the inner pe- 
ripheral edge portion of which is provided with a cylin- 
drical retaining portion 48. The outer peripheral edge 
portion of the jig elements 47 and the inner peripheral 
surface of the opening portion at the upper end of the 
holder 45 are formed in a tapered shape which is ta- 
pered such that the diameter becomes larger from the 
lower side to the upper side. With a bolt (not shown) ex- 
tending through the holes 49, the jig elements 47 are 
securely connected to the mount portion 51 provided on 
the inner peripheral portion of the holder 45 at its upper 
portion. In this process, the jig elements 47 are dis- 
placed radially inwards based on the taper face engage- 
ment as mentioned above. The inner peripheral surface 
of the retaining portion 48 of the retaining jig 44 having 
the jig elements 47 is strongly pushed on the outer pe- 
ripheral surface of the inner ring 3. In this structure, the 
retaining jig 44 can retain sufficiently strongly the inner 
ring 3 even when the outer diameter of the inner ring 3 
is varied within the range of the tolerance (about 50 ujti). 

When the cylindrical portion 20 is crimped to form 
the crimped portion 1 9, the hub 2 is pushed upward with 
the holder 45 to rotate the die 22 in an oscillation man- 
ner. Specifically, with the center axis of the die 22 tilted 
with reference to the central axis of the hub 2 by an angle 
6, this die 22 is rotated around the central axis of the 
hub 2. 

When the crimped portion 1 9 is formed with the os- 
cillation press 43, a circumferential portion of the die 22 
is urged to push the cylindrical portion 20, and then the 
process of crimping for the crimped portion 1 9 is carried 
out portion by portion successively in a circumferential 
direction. Accordingly, comparing with case where the 
usual forging process is used for providing the crimped 
portion 1 9, the load applied to the cylindrical portion 20 
upon processing can be small. 

Incidentally, due to the retaining jig 44, it is prevent- 
ed that the hub 2 is swung upon processing the crimped 
portion 1 9 with the die 22, and that the size and shape 
precision of the construction parts such as raceway, roll- 
ing elements 5 are worsened 

The tilting angle or oscillation angle 9 of the die 22, 
oscillation rotating speed, pressing load, etc. are deter- 
mined on design depending on the size etc. of the rolling 
bearing unit for vehicle wheel support having the 
crimped portion 1 9 to be processed. For example, in the 
case of the rolling bearing unit for general automobiles, 
they are determined as follows; . 



First, the tilting angle e is desirable in the order of 
from 0.5 degrees to 5.0 degrees. When the tilting angle 
is less than 0.5 degrees, the load to plastically deform 
the cylindrical portion 20 to form the crimped portion 1 9 
would be so large to worsen the size precision and 
shape precision in the raceway and rolling surface and 
to produce indentations etc. On the contrary, when the 
tilting angle 6 exceeds 5 degrees, the hub 2 would be 
inclined to swing in a diametrical direction upon forming 
the crimped portion 1 9 by way of the plastic deformation 
of the cylindrical portion 20, so that the retaining jig 44 
could not afford to sufficiently support the hub 2, and 
therefore the size precision and shape precision in the 
raceway and rolling surface would be worsened and in- 
dentations etc. would be produced. 

The oscillation rotating speed is desirable in the or- 
der of 100 rpm (min* 1 ) to 500 rpm (min* 1 ). If the oscilla- 
tion rotating speed is less than 100 rpm, the process 
time would be unjustly long. On the contrary, if the os- 
cillation rotating speed is exceeds 500 rpm, the resulting 
crimped portion 1 9 would be hardened so as to be sub- 
ject to damages such as crack. 

The pressing load is desirable in the order of 15t to 
50t. If the pressing load is less than 1 5t, it could not af- 
ford to sufficiently provide plastic deformation in the cy- 
lindrical portion 20 and to obtain the good crimped por- 
tion 1 9, so that the connecting strength between the in- 
ner ring 3 and the hub 2 would be insufficient. On the 
contrary, if the pressing load exceeds 50t, the size pre- 
cision and shape precision in the raceway and rolling 
surface would be worsened and indentations etc. would 
be produced. 

Incidentally, the function and effects of the crimped 
portion 19 formed by the oscillation press apparatus 43 
are obtained regardless of the kinds of the metallic ma- 
terials lor the hub 2 and inner ring 3. 

Fig. 7 shows a second example of the embodiments 
of the present invention, where the present invention is 
applied to the rolling bearing unit for vehicle wheel sup- 
port provided with a rotating speed sensor so as to de- 
tect the rotating speed of the wheel. 

Therefore, in this example, the axially inner end por- 
tion of the inner ring 3 is formed with a step portion 31 
having a diameter smaller than the shoulder portion 30 
of the inner ring 3 and projecting axially inward than the 
shoulder portion 30. Securely fitted onto the shoulder 
portion 30 is a tone wheel 32, specifically the base end 
portion (left end portion in Fig. 7) of the tone wheel 32 
which constitutes a rotating speed detecting device. 

A portion of the tone wheel 32 is abutted to the inner 
end face of the shoulder portion 30 around the base end 
portion (left end portion in Fig. 7) of the step portion 31 
for positioning in the axial direction (left and right direc- 
tions in Fig. 7). 

Securely fitted to the opening portion at the axially 
inner end of the outer ring 4 is a cover 33 which is made 
of synthetic resin or metal and has the sensor 34 em- 
bedded therein so as to be faced to the tone wheel 32, 
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and thus the rotating speed detecting device is con- 
structed. 

In the case of this example, the step portion 31 is 
formed on the axially inner end portion of the inner ring 
3 and retained by the crimped portion 1 9 formed on the 5 
axially inner end portion of the hub 2. Accordingly, the 
axial distance between the crimped portion 1 9 and the 
second inner ring raceway 9 formed on the outer periph- 
eral surface of the inner ring 3 becomes longer by the 
amount of the step portion 31 formed. Consequently, the 10 
change in size in the second inner ring raceway 9 when 
the crimped portion 1 9 is formed can be kept small. Not 
only the portion of the second inner ring raceway 9 but 
also the outer diameter of the shoulder portion 30 can 
be prevented from being larger. Accordingly, the tunc- is 
tion of the seal ring and tone wheel can be prevented 
from being damaged when fitting the seal ring and tone 
wheel onto the shoulder portion 30 and when bringing 
the seal lip in sliding contact with the outer peripheral 
surface of the-shou!der portion 30. 20 

Incidentally, in the case where the rolling elements 
5 around the inner ring 3 are balls in this example, it is 
desirable that the distance L 03 from the center O of the 
rolling elements 5 to the inner end face of the second 
inner ring member 3 is at least 0.75 times the diameter 25 
D 5 of the rolling elements 5 (Lq 3 ^ 0.75 D 5 ). 

The structure and function of the other portions are 
the substantially same to those in the first example, and 
so the like symbols are attached to the like members in 
the drawing and the description on them is omitted. In- 30 
cidentally, in this example and the succeeding examples 

3 to 11 , the portion of the hub hardened by quenching 
is illustrated with cross hatching in the drawing. 

Fig. 8 shows a third example of the embodiments 
of the present invention, where the outer ring 4 is rotat- 35 
able, which is different from the first and second exam- 
ples where the hub 2 is provided within the stationary 
outer ring 4. Specifically, in this example, the outer ring 

4 is rotated together with the vehicle wheel. Except that 

the rotating side and the stationary side are inverted, 40 
inside out, with reference to the diameter direction, so 
that a portion in the axial direction is inside out, the struc- 
ture and function of the other portions are substantially 
the same to those of the first example, and so the like 
symbols are attached to the like members in the drawing 
and the description on them is omitted. 

Fig. 9 shows a fourth example of the embodiments 
of the present invention, where the present invention is 
applied to the rolling bearing unit for vehicle wheel sup- 
port to rotatably support a driven wheel (the rear wheels so 
of the FR vehicle and the RR vehicle, and the front 
wheels of the FF vehicle and all the wheels of the 4WD 
vehicle), which is different from the first to third exam- 
ples where the present invention is applied to the rolling 
bearing unit for vehicle wheel support to rotatably sup- ss 
port a non-driven wheel (the front wheels of the FR ve- 
hicle and the RR vehicle, and the rear wheels of the FF 
vehicle). 
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Accordingly, in the case of this example, the hub 2 
is formed in a cylindrical shape., and a female spline por- 
tion 35 is formed on the inner peripheral surface of the 
hub 2. In addition, inserted into this female spline portion 
35 is a drive shaft 37 having an outer peripheral surface 
on which a male spline portion is formed and connected 
to the constant velocity joint 36. 

On the other hand, a step portion 8 is formed on the 
outer peripheral surface at the axially inner end portion 
of the hub 2 and fitted into the inner ring 3, and a step 
portion 38 is formed on the inner periphery of the inner 
ring 3 at an axially inner end portion thereof on the inner 
diameter side. In addition, the crimped portion 19 
formed on the axially inner end portion of the hub 2 is 
crimped toward the step portion 38. In this state, the 
crimped portion 1 9 does not project axially inward than 
the axially inner end face of the inner ring 3. Accordingly, 
the axially outer end face of the main body 39 of the 
constant velocity joint 36 is abutted to the axially inner 
end face of the inner ring 3. Thus : in the state where the 
axially outer end face of the main body 39 is abutted to 
the axially inner end face of the inner ring 3, a nut 40 is 
threaded on the tip end portion of the drive shaft 37 pro- 
jected from the axially outer end face of the hub 2 and 
tightened to strongly clamp the inner ring 3 and hub 2 
in an axial direction. 

In the structure where the rolling elements 5 around 
the inner ring 3 are balls in this example, it is desirable 
that the distance L 38 from the center O of the rolling el- 
ements 5 to the step face of the step portion 38 is at 
least 0.75 times the diameter D 5 (see Fig. 3) of the rolling 
elements 5 (L 38 ^ 0.75 D 5 ). 

The structure and function of the other portions are 
substantially the same to those of the first example, and 
so the like symbols are attached to the like members in 
the drawing and the description on them is omitted. 

Incidentally, in the case of the present example, the 
hub 2 is formed in a hollow cylindrical shape, and there- 
fore it may sometimes be difficult to make the cross sec- 
tion of the hub 2 larger than the cross section of the inner 
ring 3. However, in the structure of this example, the in- 
ner ring 3 is strongly forced to the step face 12 with an 
axial force based on the clamping of the nut 40 in use, 
and therefore the force exerted from the inner ring 3 to 
the crimped portion 19 in the direction to loosen the 
crimped portion 1 9 is limited. Accordingly, even if the 
relationship of the cross sections mentioned above is 
not satisfied, the durability of the crimped portion 19 
would not be damaged. 

Fig. 10 shows a fifth example of the embodiments 
of the present invention, where the crimped portion 19 
formed on the axially inner end portion of the hub 2 is 
crimped toward the axially inner end face of the inner 
ring 3 to make the crimped portion 1 9 project axially in- 
ward than the axially inner end of the inner ring 3. The 
crimped portion 1 9 is formed with an annular flat surface 
portion 42 on the side of the axially inner surface, and 
this flat surface 42 is engaged with the axially outer sur- 
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face of the main portion of the constant velocity joint 36. 

The crimped portion 1 9 is made of a carbon steel 
with no heat treatment processed thereto, and since the 
flat surface portion 42 is engaged with the axially outer 
surface of the main portion 39 in a large area, and there- 
fore the surface pressure applied to the contact portions 
is never high when the nut 40 is tightened. Accordingly, 
even after long use, there is no permanent set caused 
in the crimped portion 1 9, and it is efficiently prevented 
that the backlash of the nut 40 and the looseness in the 
portion where the rolling elements 5 are placed are 
caused due to the permanent set of the crimped portion 
1 9. The structure and function of the other portions are 
substantially the same to those of the fourth example, 
and so the like symbols are attached to the like members 
in the drawing and the description on them is omitted. 

Figs. 11 to 13 show a sixth to eighth examples of 
the embodiments of the present invention, respectively, 
where quench hardened layers are discretely provided 
only in the portions where it is particularly required, 
which is different from the first to fifth examples where 
a quench hardened layer is continuously provided in the 
member where the crimped portion 19 is formed. 

Specifically, in the case of the sixth example illus- 
trated in Fig. 11, quench hardened layers are provided 
only in the portion of the first inner ring raceway 7, the 
step face 1 2 and the corner portion R existing closer to 
the inner periphery of the step face 12. In the case of 
the seventh example illustrated in Fig. 12, quench hard- 
ened layers are provided only in the portion of the first 
inner ring raceway 7, the step face 1 2, the corner portion 
R and the outer peripheral surface of the base half por- 
tion of the step portion 8. In the case of the eighth ex- 
ample illustrated in Fig. 13, quench hardened layers are 
provided only in the portion of the first inner ring raceway 
7, the base end portion of the first flange 6, the step face 
1 2, the corner portion R and the outer peripheral surface 
of the base half portion of the step portion 8. 

It should be noted as mentioned above that the 
strength and durability of the member where the quench 
hardened layer is formed can be more increased as in 
the first to fifth examples illustrated in Figs. 1 , 7, 8, 9 and 
1 0 where the adjacent quench hardened layers are con- 
tinued, than in the case where quench hardened layers 
are discretely formed only in the portions where it is par- 
ticularly required. The structure and function of the other 
portions are substantially the same to those of the first 
example. 

Fig. 14 shows a ninth example of the embodiments 
of the rolling bearing unit for vehicle wheel support in 
the present invention, where the first and second inner 
ring raceways 7, 9 are provided on the outer peripheral 
surface of the first and second inner rings 41, 3 fitted 
onto the step portion 8 of the hub 2, respectively. The 
first and second inner rings 41, 3 are made of a high 
carbon steel such as high carbon chromium bearing 
steel like SUJ2 and quench hardened to the core. The 
first and second inner rings 41 , 3 are clamped between 



the crimped portion 19 formed on the axially inner end 
portion ol the hub 2 and the step face formed on the 
base portion of the first flange 6 in the state where the 
first and second inner rings 41 , 3 are fitted onto the step 
s portion 8. 

In the case of this example, the hub 2 can be made 
of a carbon steel containing carbon less than 0.45 
weight %, and, the portion illustrated with the cross 
hatching in Fig. 14, that is the base end portion of the 
first flange 6, the base end portion of the step portion 8 
including the step face 12, the outer peripheral surface 
of the step portion 8 except for the portion closer to the 
axially inner end are subjected to the quench hardening 
process to increase the hardness in these portions. 
However, in at least the cylindrical portion of the hub 2, 
the portion where the crimped portion 1 9 is formed, is 
not subjected to quench hardening and is left as it is 
formed or forged. 

Incidentally, the reasons why the quench hardening 
treatment is carried out on the portions of the hub 2 as 
mentioned above and the reasons why the axial position 
of the axially inner end of the quench hardened layer 
illustrated by cross hatching (Point "X" in Fig. 14) is lim- 
ited are similar to what is explained in the first example. 

In the case of the rolling bearing unit for vehicle 
wheel support of this example constructed as men- 
tioned above, the hub 2 itself is not formed with the inner 
ring raceway, and therefore the hub 2 can be made of a 
carbon steel containing carbon less than 0 45 weight % 
for easy formation of the crimped portion 19. However, 
the quench hardened layer is provided in the portion of 
the hub 2 indicated with cross hatching in Fig. 14. Ac- 
cordingly, no fretting wear is produced in the portion 
where the quench hardened layer is provided, and no 
deformation is caused in the portion where the quench 
hardened layer is provided, so that the strength and du- 
rability of the hub 2 can be secured. 

On the other hand, at least the cylindrical portion 20 
provided in the hub 2 is not subjected to quench hard- 
ening and is left as it is formed or forged, the processing 
of the crimped portion 1 9 for connecting the hub 2 to the 
first and second inner rings 41, 3 is not inconvenient, 
and no damage occurs in the crimped portion 19. 

The second inner ring 3 fitted onto the step portion 
8 is made of a high carbon steel such as bearing steel 
and quench hardened to the core. Therefore, as in the 
case of the inner ring 3 in the first example as mentioned 
above, even if a large load is applied to the second inner 
ring 3 as the crimped portion 1 9 is formed in the hub 2, 
the second inner ring 3 is prevented from being de- 
formed, and the internal clearance of the rolling bearing 
unit is prevented from being displaced from the desired 
value. In addition, the diameter of the second inner ring 
raceway 9 formed on the outer peripheral surface of the 
second inner ring 3 is prevented from being changed, 
and its precision is prevented from being worsened, so 
that the reduction of the rolling fatigue life of the second 
inner ring raceway 9 can be prevented. 
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Incidentally, in the case of this example, the hub 2 
can be made of a carbon steel containing carbon in the 
range of from 0.45 weight % to 1.10 weight %. In this 
case, the strength and durability of the hub 2 is further 
increased. The structure and function of the other por- 
tions are substantially the same to those of the first ex- 
ample. 

In this example and in the following tenth and elev- 
enth examples, the content of carbon in the carbon steel 
for the hub 2 is controlled in the range of 0.20 weight % 
to 1 .10 weight %, and the hardness of at least the cylin- 
drical portion 20 is in the range of from Hv 200 to Hv 300 
before crimping. The hub 2 is made ol the carbon steel 
meeting the condition as mentioned above through forg- 
ing. When the content of carbon in the carbon steel for 
the hub 2 is in the range of from 0.20 weight % to 0.60 
weight %, at least the cylindrical portion 20 after forging 
and before crimping the cylindrical portion 20 is not sub- 
jected to annealing. On the other hand, when the con- 
tent of carbon in the carbon steel for the hub 2 is in the 
range of from 0.60 weight % to 1.10 weight %, at least 
the cylindrical portion 20 after forging and before crimp- 
ing the cylindrical portion 20 is subjected to annealing. 
The hardness of the hub 2 and the annealing after forg- 
ing are as explained in the first example. 

Figs. 15 to 16 show tenth and eleventh examples, 
respectively, of the embodiments of the present inven- 
tion, where the quench hardened layer is applied to only 
the portion of the hub 2 which is subjected to a particu- 
larly large load when the rolling bearing is used. Specif- 
ically, in the case of the tenth example as shown in Fig. 
15, only the base end portion of the step portion 8 in- 
cluding the step face 12 is provided with the quench 
hardened layer, and in the case of the eleventh example 
as shown in Fig. 16, only the base end portion of the 
step portion 8 including the step face 12 as well as the 
base end portion of the first flange 6 are provided with 
the quench hardened layer. The' structure and function 
of the other portions are substantially the same to those 
of the ninth example. 

Although not shown in figures, the crimped portion 
1 9 is not necessarily tightly contacted with the inner ring 
(second inner ring) 3 on the whole surface of the oppos- 
ing portions in the examples. Even if there is a clearance 
in part of the opposing portions, the function and effect 
of the present invention are similarly obtained. 

Incidentally, although the hardness of the cylindrical 
portion 20 before forming the crimped portion 19 is in 
the order of from Hv 200 to Hv 300, the hardness of the 
crimped portion 1 9 is larger than the degree of from Hv 
200 to Hv 300 due to work hardening in the state where 
the crimped portion 19 is formed by crimping the cylin- 
drical portion 20. 

Since the rolling bearing unit for vehicle wheel sup- 
port in the present invention is constructed and operated 
as mentioned above, the rolling bearing unit for vehicle 
wheel support with sufficient durability is achieved at a 
lower cost. 



In addition, as illustrated, since the shape of the cy- 
lindrical portion where the crimped portion is formed is 
made to become smaller as it is closer to the tip end 
edge in the state before crimping out the cylindrical por- 

5 tion radially outward, damages such as crack can be 
prevented from occurring on the crimped portion, and 
the diameter of the inner ring fixed to the hub with this 
crimped portion is prevented from being changed so 
largely as to cause any practical problem. 

to Further, the possibility of damage in the inner ring 
during the fixing process is lowered, and the preload is 
kept at an optimal value, and the cost can be lowered 
due to the reduction in the number of parts, processes 
of the parts and assembling steps. 



Claims 

1 . A bearing unit for vehicle wheel support comprising 
a shaft having a mounting flange, a first inner ring 
raceway directly formed thereon, a step portion 
formed on one end portion thereof, and a crimped 
portion formed on the end side of the step portion, 
and an inner ring fitted onto the step portion and 
having a second inner ring raceway thereon, the 
shaft being quench hardened at least at the first in- 
ner ring raceway with the crimped portion kept as 
formed and without quench hardened, and the inner 
ring being fixed to the shaft by the crimped portion 
of the shaft. 

2. A bearing unit for vehicle wheel support comprising 
a shaft having a mounting flange, a first inner ring 
raceway directly formed thereon, a step portion 
formed on one end portion thereof, and a substan- 
tially cylindrical portion formed on the end side of 
the step portion and crimped, and an inner ring fitted 
onto the step portion and having a second inner ring 
raceway thereon, and the inner ring being fixed to 
the shaft by the crimped portion of the substantially 
cylindrical portion of the shaft, the shaft being made 
of a carbon steel containing carbon in the range of 
from 0.45 weight % to 1.10 weight %, and at least 
the substantially cylindrical portion having a hard- 
ness in the range of Hv 200 to Hv 300 before crimp- 
ing. 

3. A bearing unit for vehicle wheel support comprising 
a shaft having a mounting flange, a first inner ring 
raceway directly formed thereon, a step portion 
formed on one end portion thereof, and a substan- 
tially cylindrical portion formed on the end side of 
the step portion and crimped, and an inner ring fitted 
onto the step portion and having a second inner ring 
raceway thereon, the inner ring being fixed to the 
shaft by the crimped portion of the substantially cy- 
lindrical portion of the shaft the shaft being made 
of a carbon steel containing carbon in the range of 
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from 0.45 weight % to 0.60 weight %, and at least 
the substantially cylindrical portion being kept as 
forged and without annealed. 

4. A bearing unit for vehicle wheel support comprising s 
a shaft having a mounting flange, a first inner ring 
raceway directly formed thereon, a step portion 
formed on one end portion thereof, and a cylindrical 
portion formed on the end side of the step portion 
and crimped, and an inner ring fitted onto the step 10 
portion and having a second inner ring raceway 
thereon, the inner ring being fixed to the shaft by 
the crimped portion of the substantially cylindrical 
portion of the shaft the shaft being made of a car- 
bon steel containing carbon in the range ol from is 
0.60 weight % to 1.10 weight %, and at least the 
substantially cylindrical portion being annealed af- 
ter forging. 

5. A bearing unit for vehicle wheel support comprising 20 
a shaft having a mounting flange, a step portion 
formed on one end portion thereof and a crimped 
portion formed on the end side of the step portion, 
and an inner ring fitted onto the step portion and 
having an inner ring raceway thereon, and the inner 25 
ring being quench hardened to the core and fixed 

to the shaft by the crimped portion of the shaft. 

6. A bearing unit for vehicle wheel support comprising 

a shaft having a mounting flange, a step portion 30 
formed on one end portion thereof and a crimped 
portion formed on the end side of the step portion, 
and an inner ring fitted onto the step portion and 
having an inner ring raceway thereon, the inner ring 
being fixed to the shaft by the crimped portion ol the 35 
shaft, and the shaft having a substantially annular 
tip portion the thickness of which is smaller as it is 
closer to the tip end thereof in the state before being 
crimped. 

40 

7. A bearing unit for vehicle wheel support comprising 
a shaft having a mounting flange, a first inner ring 
raceway directly formed thereon, a step portion 
formed on one end portion thereof, and a crimped 
portion formed on the end side of the step portion, 45 
and an inner ring fitted onto the step portion and 
having a second inner ring raceway thereon, the 
shaft being quench hardened at the inner ring race- 
way and at an area including the abutment portion 
with the inner ring and the corner portion of the step so 
portion, the crimped portion being kept as formed 
and without quench hardened, and the inner ring 
being fixed to the shaft by the crimped portion of the 
shaft. 

55 

8. A bearing unit for vehicle wheel support comprising 
a shaft having a mounting flange, a first inner ring 
raceway directly formed thereon, a step portion 
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formed on one end portion thereof, and a crimped 
portion formed on the end side of the step portion, 
and an inner ring fitted onto the step portion and 
having a second inner ring raceway thereon, the 
shaft being quench hardened at the inner ring race- 
way, at an area including the abutment portion with 
the inner ring, the corner portion of the step portion 
and part of the fitting face with the inner ring, the 
crimped portion being kept as formed and without 
quench hardened, and the inner ring being fixed to 
the shaft by the crimped portion of the shaft. 

9. A bearing unit for vehicle wheel support comprising 
a shaft having a mounting flange, a first inner ring 
raceway directly formed thereon, a step portion 
formed on one end portion thereof, and a crimped 
portion formed on the end side of the step portion, 
and an inner ring fitted onto the step portion and 
having a second inner ring raceway thereon, the 
shaft being quench hardened at an area including 
the base portion of the mounting flange and the in- 
ner ring raceway, and at an area including the abut- 
ment portion with the inner ring, the corner portion 
of the step portion and part of the fitting face with 
the inner ring, the crimped portion being kept as 
formed and without quench hardened, and the inner 
ring being fixed to the shaft by the crimped portion 
ol the shaft. 

10. A bearing unit for vehicle wheel support comprising 
a shaft having a mounting flange, a first inner ring 
raceway directly formed thereon, a step portion 
formed on one end portion thereof, and a crimped 
portion formed on the end side of the step portion, 
and an inner ring fitted onto the step portion and 
having a second inner ring raceway thereon, the 
shaft being integrally quench hardened at an area 
including the base portion of the mounting flange 
and part of the fitting face with the inner ring, the 
crimped portion being kept as formed and without 
quench hardened, and the inner ring being fixed to 
the shaft by the crimped portion of the shaft. 

11. A bearing unit for vehicle wheel support comprising 
a shaft having a mounting flange, a step portion 
formed on one end portion thereof, and a crimped 
portion formed on the end side of the step portion, 
and an inner ring fitted onto the step portion and 
having an inner ring raceway, and the inner ring be- 
ing fixed to the shaft by the crimped portion of the 
shaft which has a flat end face on the outside there- 
of. 

12. The bearing unit of Claim 6, wherein the inner ring 
has an end face projected from the crimped portion. 

13. The bearing unit of one of Claims 1 to 12, wherein 
the mounting flange is provided for mounting a ve- 
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hide wheel or suspension apparatus thereon. 

* 

14. The bearing unit of one of Claims 5 : 6 and 11, 
wherein an inner ring raceway is directly formed on 
the shaft 5 

15. The bearing unit of one of Claims 5, 6 and 11, 
wherein an inner ring raceway is formed on a mem- 
ber different from the shaft. 

10 

1 6. A bearing unit for vehicle wheel support comprising 
a shaft having a mounting flange, a step portion 
formed on one end portion thereof, and a crimped 
portion formed on the end side of the step portion, 

a first inner ring formed with a first inner ring race- is 
way thereon, and a second inner ring formed with 
a second inner ring raceway thereon, the first and 
second inner rings fitted onto the step portion of the 
shaft, the shaft being quench hardened at an area 
including at least the abutment portion with the first ^ 
inner ring and the corner portion of the step portion, 
the crimped portion being kept as formed and with- 
out quench hardened, and the first and second in- 
ner rings being fixed to the shaft by the crimped por- 
tion of the shaft. 25 

17. A bearing unit for vehicle wheel support comprising 
a shaft having a mounting flange, a step portion 
formed on one end portion thereof, and a substan- 
tially cylindrical portion formed on the end side of 30 
the step portion and crimped, a first inner ring 
formed with a first inner ring raceway thereon, and 

a second inner ring formed with a second inner ring 
raceway thereon, the first and second inner rings 
fitted onto the step portion of the shaft, and the first 35 
and second inner rings being fixed to the shaft by 
the crimped portion O the substantially cylindrical 
portion of the shaft the shaft being made of a car- 
bon steel containing carbon in the range of from 
0.20 weight % to 1.10 weight %, and at least the 40 
cylindrical portion having a hardness in the range 
of Hv 200 to Hv 300 before crimping. 

1 8. A bearing unit for vehicle wheel support comprising 

a shaft having a mounting flange, a step portion 45 
formed on one end portion thereof, and a substan- 
tially cylindrical portion formed on the end side of 
the step portion and crimped, a first inner ring 
formed with a first inner ring raceway thereon, and 
a second inner ring formed with a second inner ring so 
raceway thereon, the first and second inner rings 
being fitted onto the step portion of the shaft, the 
first and second inner rings being fixed to the shaft 
by the crimped portion of the substantially cylindri- 
cal portion of the shaft, the shaft being made of a 55 
carbon steel containing carbon in the range of from 
0.20 weight % to 0.60 weight %, and at least the 
cylindrical portion being kept as forged and without 
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annealed. 

19. A bearing unit for vehicle wheel support comprising 
a shaft having a mounting flange, a step portion 
formed on one end portion thereof, and a substan- 
tially cylindrical portion formed on the end side of 
the step portion and crimped, a first inner ring 
formed with a first inner ring raceway thereon, and 
a second inner ring formed with a second inner ring 
raceway thereon, the first and second inner rings 
being fitted onto the step portion of the shaft, the 
first and second inner rings being fixed to the shaft 
by the crimped portion of the substantially cylindri- 
cal portion of the shaft, the shaft being made of a 
carbon steel containing carbon in the range of from 
0.60 weight % to 1.10 weight %, and at least the 
cylindrical portion being annealed after forging. 

20. A bearing unit for vehicle wheel support comprising 
a shaft having a mounting flange, a step portion 
formed on one end portion thereof, and a crimped 
portion formed on the end side of the step portion, 
a first inner ring formed with a first inner ring race- 
way thereon, and a second inner ring formed with 
a second inner ring raceway thereon, the first and 
second inner rings being fitted onto the step portion, 
the shaft being quench hardened at an area includ- 
ing the base portion of the mounting flange, the 
abutment portion with the first inner ring and the cor- 
ner portion of the step portion, the crimped portion 
being kept as formed and without quench hard- 
ened, and the first and second inner rings being 
fixed to the shaft by the crimped portion of the shaft. 

21. A bearing unit for vehicle wheel support comprising 
a shaft having a mounting flange, a step portion 
formed on one end portion thereof, and a crimped 
portion formed on the end side of the step portion, 
a first inner ring formed with a first inner ring race- 
way thereon, and a second inner ring formed with 
a second inner ring raceway thereon, the first and 
second inner rings being fitted onto the step portion, 
the shaft being integrally quench hardened at an ar- 
ea including the base portion of the mounting flange 
and part of the fitting face with the inner rings, the 
crimped portion being kept as formed and without 
quench hardened, and the first and second inner 
rings being fixed to the shaft by the crimped portion 
of the shaft. 

22. The bearing unit of one of Claims 16 to 21 , wherein 
the mounting flange is provided for mounting a ve- 
hicle wheel or suspension apparatus thereon 

23. A bearing unit for vehicle wheel support comprising 
a shaft having a mounting flange, a step portion 
formed on one end portion thereof, and a crimped 
portion formed on the end side of the step portion, 
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and an inner ring fitted onto the step portion and 
having an inner ring raceway thereon, and the inner 
ring being fixed to the shaft by the crimped portion 
of the shaft by way of an oscillation press, and the 
inner ring having an outer diameter face portion to 5 
be held by a tool during crimping. 

24. The bearing unit of Claim 23, wherein an inner ring 
raceway is directly formed on the shaft. 

10 

25. The bearing unit of Claim 23, wherein an inner ring 
raceway is formed on a member different from the 
shaft. 

26. The bearing unit of Claim 23, wherein the mounting is 
flange is provided for mounting a vehicle wheel or 
suspension apparatus thereon. 
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Fig. 3 
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Fig. 6 
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Fig. 8 
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Fig. 9 




21 




22 




23 




24 





25 




26 




27 



